Analogical reasoning is a fundamental and ubiquitous aspect of human thought. It is at the core of a variety of cognitive processes of considerable adaptive significance, such as categorization (Ramscar & Pain, 1996) , inductive inference (Holland, Holyoak, Nisbett, & Thagard, 1989) , and more generally the ability to develop a flexible body of knowledge (Brown, Kane, & Echols, 1986) . Technically, analogical reasoning implies judgments of relations between relations. When confronted with analogy problems, the participant must first represent the relation between the items of a source domain, for instance, between a rocket and a moped, in order to subsequently recognize that relation in a target domain, such as between a rabbit and a turtle. Reasoning by analogy therefore implies a sense of sameness as well as the coding of the relational similarity between the source and the target domains.
Analogical reasoning has long been considered the hallmark of human cognition, presumably permitted by our linguistic skills (Christie & Gentner, 2007) , but experimental data collected over the last three decades has suggested that our closest primate relatives can also judge similarities between relations. Several experimental procedures have been used for that purpose. Thus, Gillan, Premack, and Woodruff (1981) employed an AB:C? procedure with a language-trained female chimpanzee, and documented her ability to correctly choose from a set of alternatives the correct D item that completed the analogy. Analogy-making has also been studied in great apes using spatial analogical problems (Haun & Call, 2009; Hribar, Haun, & Call, 2011) . After observing a reward being hidden in a first array of three cups, the apes could use spatial relational similarity to locate a food item in a different set of three cups.
However, researchers in this domain have most commonly used the relational matching-to-sample (RMTS) task (Fagot & Maugard, 2013; Fagot & Parron, 2010; Flemming, Beran, & Washburn, 2007; Flemming, Thompson, & Fagot, 2013; Premack, 1983; Thompson, Oden, & Boysen, 1997; Vonk, 2003; Washburn, Thompson, & Oden, 1997) . The RMTS task implies that the subject initially perceives two sample items that are either identical (same relation) or different (different relation). After an exploration period, it perceives two other stimulus pairs, one showing the same (same or different) relation as the sample pair and the other the alternative relation. Because the items in the comparison pairs all differ from the items in the sample pair, matching responses imply the consideration of relational cues. Recent studies have shown that apes (Flemming, Beran, Thompson, Kleider, & Washburn, 2008; Thompson et al., 1997; Vonk, 2003) , baboons (Fagot & Thompson, 2011) , and one capuchin monkey (Truppa, Mortari, Garofoli, Privitera, & Visalberghi, 2011 ) successfully learned this RMTS task when it involved pairs of shapes to represent the stimulus relations. Success in the RMTS task suggests that these animals matched relations with relations and that this ability may be the cognitive foundation for analogical reasoning (Fagot & Thompson, 2011) .
Although the above RMTS task has all the appearance of a relational task, debate remains over the exact nature of the cognitive processes involved in this task. Penn, Holyoak, and Povinelli (2008) recently questioned the validity of the RMTS task to study analogical reasoning. They argued that nonhuman primates might only pay attention to the perceptual variability of the stimulus pairs, without considering the pairs' constituent elements as enti-ties and, consequently, the relations that these entities instantiate. In other words, nonhuman primates might use the following cognitive strategy: If the variability of the sample display (taken as a whole) is low, then select the choice display with low variability, and vice-versa for high variability sample displays. This "variability" hypothesis is inspired by numerous data that have shown the entropy of the stimulus displays (an information-theoretic measure of the stimulus' variability 1 ) robustly controls the behavior of pigeons and nonhuman primates in both sameϪdifferent (Cook, Katz, & Cavoto, 1997; Wasserman, Hugart, & Kirkpatrick-Steger, 1995; Young & Wasserman, 1997) and relational matching tasks (e.g., ).
Processing relations is much more complex than a strict comparison of displays along a "high" versus "low" variability dimension, because relation-based responses imply a complementary processing of the items and their relations, rather than only processing perceptual wholes. In analogy tasks, the complementary encoding of the items and their relations is demonstrated by the dramatic negative effect observed in people when one item of the source pair is also present in the negative relational pair, when the participant has to ignore object similarity to solve the analogy (e.g., the cross-mapping procedure; see Gentner & Toupin, 1986; Markman & Gentner, 1993) .
Support for complementary processing of items and relations was further provided by a recent study with humans (Rein & Markman, 2010) . In this study, participants viewed relational displays in which some shapes illustrated different patterns (e.g., vertical or horizontal lines) displayed on backgrounds composed of other shapes. People had trouble generalizing their abstract judgments of these patterns when the role played by the shapes was changed in the displays. This result suggests that people's representations of abstract relations preserved information on the concrete shapes.
Interestingly, several studies have shown that processing the relations in analogy tasks by people is highly demanding in terms of working memory (WM) resources, and it requires a sufficiently large memory span to process the items and their relations in these tasks (Halford, Wilson, & Phillips, 1998) . A review of relevant evidence has revealed that: (a) the performance of humans on analogical tasks is reduced when dual tasks are introduced to load their WM (Morrison, Holyoak, & Truong, 2001; Waltz, Lau, Grewal, & Holyoak, 2000) ; (b) WM capacity and analogical reasoning ability develop simultaneously during childhood (Gathercole, Pickering, Ambridge, & Wearing, 2004; Scholnick, 2008) ; (c) the prefrontal cortex involved in WM (Glahn et al., 2002; Goldman-Rakic, 1987 ) is also involved in the processing of analogical tasks (Waltz et al., 1999; Wharton et al., 2000) ; and, finally (d) computational models of analogical mapping, such as the STAR model of Halford et al. (1994) and the LISA model of Hummel and Holyoak (1997) postulate that there are inherent limitations in analogy-making due to WM limits.
Regarding monkeys, there is thus far no study on the contribution of WM to processing analogies. However, two of our most recent findings have suggested that baboons (Papio papio) may have sufficient WM resources to process analogies, although WM capacity is admittedly more limited in nonhuman primates than in humans (Elmore et al., 2011) . Thus, Fagot and De Lillo (2011) tested baboons in an analog of the Corsi task (Corsi, 1972) , in which the animals had to reproduce on the screen a sequence of items in an appropriate serial order. Monkeys showed a memory span of four to five items in the task, depending on the subjects (see Botvinick et al., 2009; Wright, 2007 , for similar findings on macaques). Although smaller than the memory span of humans tested in the same study (Fagot & De Lillo, 2011) , a memory span of four items appears large enough to process two sets of two items within WM, and therefore to process analogies.
Another constraint of analogical reasoning is that subjects must be able to remember the characteristics of the first set of items (source domain), when processing the second set (target domain), in order to later compare the relations illustrated by these two domains. This ability also appears within the scope of baboons. Thus, Rey, Perruchet, and Fagot (2012) recently showed that baboons can embed the processing of two stimulus pairs in an ABBA structure. Baboons can process the first item of a pair, and then process the second pair, to finally resume the processing of the second item of the initial pair. Of course, having a flexible WM system does not imply that the monkeys use that system for relational thinking. In summary, monkeys appear to have a sufficiently large memory span to process and compare several items at once in the RMTS task. Moreover, they demonstrate a flexible use of their memory in which the processing of the stimuli can be suspended and then resumed to adapt to the constraints of the task. Although these findings suggest that they have sufficient WM resources to solve analogy problems, this ability has to be confirmed by experimental data.
In principle, three possible strategies can be used by nonhuman primates to solve the RMTS task. One possible strategy is to memorize the sample items as wholes, in order to match the sample and comparison pairs that have the same overall perceptual structure (e.g., perceptual variability) as the sample. The second strategy is to reencode the perceptual structure of the stimuli with a binary code, whatever form it takes (e.g., high vs. low variability), and to match the codes associated with the sample and comparison pairs (rather than the percepts) to find the correct response. The third strategy implies that the baboons process both the items and their relations in the task, and solve RMTS with relational cues.
The current study capitalized on the WM load of relational tasks to test the above three hypotheses. In Experiment 1, baboons were tested in three test conditions involving different memory loads. The first test condition consisted of a zero-delay RMTS task (zero-delay condition) similar to that used by Fagot and Thompson (2011, Experiment 2, baseline trials) . The second test condition (dual-serial task condition) introduced a dual task between the presentation of the sample and comparison displays of the RMTS task. The third test condition (delayed condition) replaced the dual task with a delay that had the same duration as the initial dual task.
Different predictions can be derived from these three test conditions, depending on the strategy used by the baboons to solve the RMTS task. These predictions are illustrated in Figure 1 . First, assuming that the baboons memorize the sample pairs as wholes (Hypothesis 1), we would expect that their performance on the zero-delay condition should be greater for the different than for the same trials, because the baboons have more perceptual information to rely on for correct matching in these former trials. Because memorization of the greatest amount of information for the different displays should be affected by reduced memory resources, we also complementarily expected a performance decline with an increased memory load that would be of greater amplitude for the different trials than for the same trials. The curves for same and different trials should therefore cross. Second, assuming that the baboons reencode the whole percepts using a binary code (e.g., low vs. high variability, Hypothesis 2), performance on same and different trials should remain equal within each condition of memory load, with no interaction between these factors. This prediction should hold because the codes for "same" should not occupy more space in WM than the complementary code for "different," whatever form it takes. Performance might, however, optionally decline in a parallel fashion for same and different trials with an increased memory load, due to memory decay (delayed condition) or reduced WM resources (dual-serial task condition). Finally, assuming relational encoding of the task (Hypothesis 3), the monkeys should exhibit higher performance on same than on different trials in the zero-delay condition. This prediction follows from the fact that the relation of sameness is more exclusive than the relation of differentness (Wasserman & Young, 2010) , thereby making it easier to match. Due to memory decay (delayed condition) or to reduced WM resources (dual-serial task condition), performance should thus decline more dramatically for the inclusive different relation than for the exclusive same relation.
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Two experiments are reported in the current article. Experiment 1, which was aimed at testing the three hypotheses above, will provide support for Hypothesis 3. Experiment 2 will further confirm, with a new dual task, the involvement of WM resources during the RMTS task.
Experiment 1
Experiment 1 was comprised of two tests phases. Test Phase 1 assessed the effect of memory load on RMTS performance. That phase distinguished the zero-delay, dual-serial task, and delayed conditions, which were presented in that order. Test Phase 2 served as a control for a potential test order effects in Test Phase 1.
General Method
Participants. Ten Guinea baboons (Papio papio) were tested, including six males and four females, ranging in age from 3Ϫ7 years. These baboons had several years of experimental history during which they were tested in a variety of computerized tasks, and they were already familiar with the RMTS task (see Fagot & Thompson, 2011) . The baboons lived in a large social group of 30 individuals maintained within a 700 m 2 outdoor enclosure adjacent to the test booths. Each animal had a microchip implanted in each forearm for automatic identification within the test systems. Baboons were never deprived of food or water, but they did receive their regular daily food ration at 5:00 p.m.
Apparatus. This research used a new experimental system, called the Automated Learning Device for Monkeys (ALDM; see Fagot & Bonté, 2010; Fagot & Paleressompoulle, 2009) , which allows monkeys to be tested on an entirely voluntary basis. In our laboratory, monkeys can freely exit their social group and large enclosure to enter into one of two experimental rooms, each containing five ALDM experimental test systems freely accessible on a 24-hour basis. Each test system is comprised of a test chamber (70 ϫ 70 ϫ 80 cm) that is accessible through an open back entrance, and it is fitted in its innermost front side with a view port (7 ϫ 7 cm) and two hand ports (8 ϫ 5 cm each). Through the view port, the monkeys can readily see a 19-in. LCD touch monitor installed at eye level 25 cm from the port. Introducing one hand through one of the hand ports allows the baboon to interact with the touch screen. Two antennas fixed around each hand port automatically read the microchip on the baboon's forearm when the animal introduces its hand through a hand port. Numeric identification signals from the arm tags trigger the computercontrolled presentation of the stimulus and assign behavioral measures (i.e., stimulus choices and response times) to each subject. Correct responses are rewarded by a few grains of dry wheat delivered inside the test booth by a homemade dispenser. The experiment was controlled by a customized test program developed by coauthor Fagot with E-Prime, Version 1.2 (Psychology Software Tools, Pittsburgh, PA). With this program, the appropriate stimulus presentation for a given subject can be administered, irrespective of the order in which the baboons spontaneously enter the test booth or the test booth the animal decides to use. Stimulus displays had a resolution of 1024 ϫ 768 pixels.
Stimuli. The stimulus set was comprised of 50 white geometrical shapes (100 ϫ 100 pixels maximum). In Experiment 1, a yellow geometrical shape and a pink one (100 ϫ 100 pixels) were used in addition for the dual task (see below). Experiment 2 also used six novel (100 ϫ 100 pixel) color stimuli for the dual task, using a matching-to-sample (MTS) procedure. All stimuli were drawn on a blue background.
General test procedure. A schematic presentation of the testing procedure is provided in Figure 2 . Briefly stated, the trials started when the baboon introduced one hand through a hand port for self-identification. This action triggered the presentation of the test trial assigned to that subject. A sample pair made of either two identical (same relation) or nonidentical (different relation) shapes appeared in the middle of the screen on a blue background immediately after identification. These two shapes were selected randomly from the set of 50 stimulus shapes, and were displayed adjacent to one another, with 4 pixels separating their inner borders. When the baboon touched the sample pair, the sample pair disappeared from the screen and was replaced by two comparison pairs on the horizontal median axis of the screen: one on the left and the other one on the right hemiscreen. One comparison pair instantiated the same relation as the sample (i.e., either the same or different relation, depending on the trial), whereas the other illustrated the alternative relation. The stimulus shapes of the comparison pairs all differed from those of the sample pair, and moreover differed between 2 Note that we consider purely relational accounts of the relational matching-to-sample performance, in the absence of perceptual influences, to be nonviable. Our rationale is that the processing of same versus different relations minimally requires an initial processing of the perceptual attributes of the items that illustrate these relations, therefore, opening avenues for perceptual influences on relational judgments. This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. Zero-delay condition. The zero-delay condition used the same procedure as described in the General Test Procedure section. Its main feature was that there was no delay between the offset of the sample pair and the onset of the two comparison pairs. It was therefore a zero-delay sequential RMTS task. This condition sought to establish baseline performance, which would be compared with performance obtained in the other two test conditions of memory load. Each baboon performed three consecutive sessions Predictions drawn from our three hypotheses that monkeys process relational matching-to-sample considering purely perceptual (e.g., variability) cues (a), encode the displays to be matched with a binary code (b), or solve the task considering relational (same/different) cues (c). H1 ϭ Hypothesis 1; H2 ϭ Hypothesis 2; H3 ϭ Hypothesis 3. Figure 2 . Illustration of the test procedure in each condition. RMTS ϭ relational matching-to-sample. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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4 of 100 randomized trials (50 same trials randomly intermixed with 50 different trials). Dual-serial task condition. The dual-serial task condition introduced a dual task involving serial touches between the sample and the comparison pairs (see Figure 2) . In that condition, immediately after the baboons had touched the sample pair, they perceived a yellow and a pink shape on a blue background located on the horizontal axis at the bottom of the screen, one on the left and the other on the right hemiscreen. Baboons were required to touch the yellow and pink stimuli in that order, irrespective of their randomized leftϪright location. Touching these two stimuli in the specified order triggered the immediate display of the comparison pairs of the RMTS task; touching them in the incorrect order aborted the trial. All subjects performed this dual task well above chance, with 93.74% accuracy. Aborted trials were excluded from analysis. Each baboon completed four 100-trial sessions in the dual-serial task condition. Sessions were organized as for the zero-delay condition and therefore included 50 same trials mixed with 50 different trials. The reaction time (RT) to complete the dual-task was recorded on each trial.
Delayed condition. The delayed condition used the same RMTS procedure as in the dual-task condition, except that the time interval between the offset of the sample pair and the onset of the comparison pairs was now simply filled with a blue background, during which no action was required from the baboon. The duration of that delay was controlled independently for each participant, and determined as being equal to the median RT to complete the dual task, therefore varying across subjects. Each participant completed four 100-trial test sessions, which had the same design as the test sessions of the zero-delay condition.
Test Phase 2. In Test Phase 1, the dual-serial task condition was presented before the delayed condition. That order was justified by our need to adjust the delay in the delayed condition given the RT of the dual task in the dual-serial task condition. However, a potential pitfall with this procedure is that differences between these conditions can potentially be accounted by an effect of test order. Test Phase 2 aimed to control for an effect of test order. Now, the baboons completed eight 100-trial sessions (four in the dual-serial task condition and four in the delayed condition) presented in a counterbalanced ABBABAAB design. Each session was preceded by 40 warm-up trials involving RMTS zero-delay trials. Because one subject was no longer available for testing, Test Phase 2 was conducted with nine of the 10 previous baboons tested in Test Phase 1.
Pretraining. Because all participants were already familiar with the RMTS task (see Fagot & Thompson, 2011) , they only received pretraining with the task prior to the zero-delay condition. Pretraining continued until the baboons achieved 80% correct in three consecutive 40-trial training sessions. It required from two to eight sessions to reach that criterion. Additional training was required to have the baboons learn the dual task. After completing the zero-delay condition, the baboons were presented with displays that only contained the yellow and pink stimuli of the dual task, and were requested to touch them in the correct order to obtain a reward, regardless of their leftϪright spatial location. Correct trials were rewarded; incorrect trials were followed by a 3-s time-out indicated by a green screen. Training sessions of 100 trials were continually repeated until each baboon reached an accuracy rate of 80% correct or better in three consecutive sessions. We proceeded to the dual-serial task condition immediately after the animals reached that criterion.
Results
Repeated-measure analyses of variance (ANOVAs) require a normally distributed dependent variable. Thus, arcsine transformations were applied to accuracy data to correct for normality. In Test Phase 1, our analysis considered Trial Type (same, different) and Test Condition (zero-delay, dual-serial task, delayed) as factors in a 2 ϫ 3 full factorial design. Planned contrasts were used to test the decrease in performance over time as a function of the test condition. In addition, a posteriori comparisons were conducted using Tukey's honestly significant difference (HSD) test. Statistical analyses in Test Phase 2 considered Trial Type (same, different) and Test Condition (dual-serial task, delayed) as factors in a 2 ϫ 2 full factorial design. Another important issue was to determine whether the group of baboons performed on average above 50% correct in each condition, and for each (same or different) relation. That question was assessed using nonparametric two-tailed z tests. Bonferroni corrections were applied to all of these tests to counteract the problem of multiple comparisons. For all statistical analyses, we discarded trials from the data set if the RT to touch the sample or comparison pairs was greater than 5 s, or if more than 5 s was needed to complete the dual task. This rejection procedure only removed 0.5% of the total trials.
Test Phase 1. The Trial Type (same, different) ϫ Test Condition (zero-delay, dual-serial task, delayed) repeated-measure ANOVA on accuracy data indicated significant main effects of trial type, F(1, 9) ϭ 9. 
Discussion
In Experiment 1, performance in the RMTS task was worsened by the presentation of a dual task between the sample and the choice RMTS pairs, and more so for the different relation than for the same relation. Because test order was a possible confounder in Test Phase 1, the presentation of the dual-serial task and delayed conditions in Test Phase 2 was counterbalanced in several blocks of trials. Findings of Test Phase 2 ruled out the possible influence of test order and confirmed that the dual task remained the most detrimental condition for RMTS performance.
One possible reason for this finding is that the dual task induced an added WM load, limiting the processing of the relational pairs of the RMTS task. According to this hypothesis, the serial processing of the two stimulus items of the dual task would affect the memory of the relational sample pair of the RMTS task, and more so when the RMTS task requires memorization of two different items (i.e., different relation).
Experiment 2
Experiment 1 had one critical limitation because it engaged both long-term and WM memory components. Indeed, long-term memory was involved in this task because the baboons had to touch the two shapes of the dual task in a fixed order, regardless of their actual location on the screen. WM was in turn involved because the task requires the animal to process the two items sequentially and to shift to the second item once the first has been touched.
Experiment 2 used a new dual task to further selectively assess the involvement of WM in RMTS task while limiting long-term memory influences. This new dual task was an MTS task. In our dual-MTS task, the baboons had to find, among two comparison stimuli, the one corresponding to the sample stimulus seen in a previous sample display. This task limited long-term influences, because the sample changed on a trial-to-trial basis (see Hartman, Dumas, & Nielsen, 2001 , for a use of the MTS task in studying WM). Note that we had no clear prediction on which dual task (serial or MTS) should more strongly affect RMTS performance. We, however, expected that the two dual tasks would reveal similar response patterns, because they both strongly rely on WM processes.
Method
Participants and apparatus. Experiment 2 involved the same baboons previously used in Test Phase 1 of Experiment 1, except two individuals who declined testing.
Test procedure of the dual-MTS task. Figure 2 illustrates the test procedure. The general design of the trials was identical to the dual-serial task condition of Experiment 1, except that an MTS, rather serial-touching task, was now embedded within the relational sample and comparison pairs of the RMTS task to induce a WM load. In practice, that task implied the following sequence of responses: (a) touch the relational sample pair of the RMTS task; This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
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(b) touch the sample shape of the MTS task, (c) select and touch the comparison shape that matches the sample just seen in b, and (d) select and touch comparison relational pair showing the same relation as the sample pair of the RMTS task. During this process, an incorrect response in the third display aborted the trial, and this trial was not scored. A correct response to that third display provided no immediate reward, but triggered the next (i.e., fourth) display. A food reward was only delivered if the monkeys responded correctly to that fourth display. In the case of an incorrect response to that display, the monkey received a 3-s time-out with no reward. Each baboon completed four 100-trial sessions in the dual-MTS task condition. Sessions included 50 same trials intermixed with 50 different trials. The dependent variable was the accuracy of the response on the RMTS task.
Training procedure. Training was required for the baboons to learn the MTS task. Training trials started with the display of a stimulus, which was randomly selected among a set of six colored shapes. Touching that form cleared the screen and triggered the display of two comparison stimuli on the left and right hemiscreen. The baboons were thus requested to touch the comparison stimulus that was identical to the sample. A food reward was delivered in case of a correct matching response. By contrast, incorrect responses triggered a 3-s time-out indicated by a green screen. Training blocks of 100 trials were continually given in a random order until each baboon performed over 80% correct on three consecutive blocks. The leftϪright location of the two comparison pairs were counterbalanced in these blocks. After the learning criterion was met, the baboons also received one block of 100 trials using the zero-delay RMTS task of Experiment 1. This session served as a warm-up session before testing began.
Results
A one-way repeated-measure ANOVA on arcsine-transformed RMTS data revealed a significant effect of the trial type (same, different), F(1, 7) ϭ 10.9, MSE ϭ .032, p Ͻ .05, p 2 ϭ .61. As shown in Figure 5 , this effect was reflected by a higher accuracy for same (M ϭ 73.91), 95% CI [66.07, 81.75] , than for different trial types (M ϭ 46.36), 95% CI [32.37, 60.36] . Two-tailed z tests on nontransformed accuracy scores further revealed that the baboons performed reliably above chance on same trials (p Ͻ .05), but remained at chance level (50%) on different trials, z ϭ Ϫ.614, 95% CI [32.37, 60.36] , p Ͼ .05.
Cross-experiment analysis. The first aim of this analysis was to determine whether significant differences emerged between performance in Experiment 2 and performance during the dual task of Test Phase 2 of Experiment 1. A mixed ANOVA with test condition (Experiment 1: dual-serial task; Experiment 2: dual-MTS task) as a between-block factor and trial type (same, different) as a within-block factor on arcsine-transformed data revealed a significant main effect of trial type, F(1, 7) ϭ 11.5, MSE ϭ .037, p Ͻ .05, p 2 ϭ .62 (see Figure 5) 
Discussion
A striking similarity emerged between Experiments 1 and 2. These two experiments showed that the use of a dual task (dualserial task in Experiment 1 and dual-MTS task in Experiment 2) reduced our baboons' performance compared to the delayed condition. In addition, both experiments found that the performance decline observed as a consequence of the dual task was stronger for different than for same trials. The implications of these two major findings are discussed below.
General Discussion
Recent studies have shown that monkeys and apes can solve RMTS tasks (e.g., Fagot & Thompson, 2011; Truppa et al., 2011; Vonk, 2003) , but the cognitive strategy they deploy to solve this task remains uncertain. Given that relational tasks imply the processing of both the stimulus items and their relations (Halford et al., 1998) , we hypothesized that manipulation of the WM resources 
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Dual-serial task Dual-MTS task Figure 5 . Percent of correct responses for same and different trials in the dual-serial task (Test Phase 2 of Experiment 1) and the dual-MTS task condition (Experiment 2). MTS ϭ matching-to-sample. Error bars represent 95% confidence intervals. This document is copyrighted by the American Psychological Association or one of its allied publishers.
WORKING MEMORY AND ANALOGY IN MONKEYS
of the participants using dual-task procedures should provide new insights into their processing strategy. For that purpose, Experiment 1 (Test Phase 1) contrasted three conditions of memory load. The best performance was obtained in the zero-delay condition, which minimized the memory load, and this performance was reliably greater than in the other two conditions. Performance was lowest in the dual-serial task condition, which maximized the memory load, with performance in the delayed condition intermediate between the other two test conditions. Interestingly, the strong detrimental effect in the dual-serial task condition cannot be accounted for by a differential time interval between the relational sample and comparison pairs, because caution was taken to keep intervals constant during testing between this condition and the delayed condition. Furthermore, the strong detrimental effect in the dual-serial task condition cannot be explained by an effect of test order, because we replicated the effect in Test Phase 2, which counterbalanced the order of the dual-serial task condition and the delayed condition.
The strong detrimental effect in the dual-serial task condition of Experiment 1 is likely to have involved WM with no or limited influence of long-term memory processes, because it was quite similar to the detrimental effect in the dual-MTS task condition in Experiment 2, which selectively tapped WM processes. Our demonstration of the role of WM processes in baboon RMTS converges with the literature for people, which has shown that WM processes play a critical role during analogy formation (Morrison et al., 2001; Waltz et al., 2000) .
Earlier, we proposed that the baboons might follow three different strategies to solve the RMTS tasks. The first strategy (Hypothesis 1) implies a coarse memorization process of the whole sample percept in order to compare that percept stored in WM to that of the comparison pairs. The second strategy involves a reencoding of that percept into a binary (e.g., high vs. low variability) code, to memorize and then match the codes rather than the percepts. Third, the baboons may use more relational strategies involving the processing of both the items and their relations. Interestingly, these three hypotheses allowed us to evaluate the three predictions illustrated in Figure 1 concerning the effect of memory load on the processing of same and different relations.
Inspection of our data (see Figure 3) does not support Hypothesis 1 (perceptual); contrary to our prediction (see Figure 1a) , performance was not greater in the zero-delay condition for different than for same trials. Also, contrary to Hypothesis 2 (see Figure 1b) , our study rules out the idea that the monkeys reencoded the sample and comparison displays in a binary format; that hypothesis predicts equal effects of memory load for same and different trials, with no interaction. Hypothesis 3 (relational) predicts that performance on same trials should be higher in the zero-delay condition than in the different trials (see Figure 1c) . It further predicts stronger effects of memory load for the different trials. Experiment 1 provides partial support for this hypothesis because of the selective effect of memory load on the different trials (see Figure 3) . Moreover, this finding was replicated by the comparison of the results obtained in the dual-MTS task condition of Experiment 2 to those of the delayed condition of Experiment 1 (Test Phase 2). Note, however, that these analyses failed to indicate a reliable difference between the same and different trials when the tasks minimized the memory load.
To further address a possible advantage for same trials in absence of memory load, we reexamined the literature in both apes and monkeys that used the RMTS tasks. Because the use of arrays in this task might promote perceptual strategies (Castro & Wasserman, 2013) , our attention was focused on studies that have shown that either apes or monkeys have successfully solved the RMTS tasks with pairs of items (Fagot & Parron, 2010; Fagot & Thompson, 2011; Thompson et al., 1997; Truppa et al., 2011; Vonk, 2003) . Unfortunately, neither Thompson et al. (1997) nor Vonk (2003) Truppa et al. (2011) reported data for one capuchin monkey that learned RMTS with 2-item displays. In a first test (see their results on Set VII), that monkey performed higher (75% correct) on same than on different trials (i.e., 70.8%). The identical bias in favor of the same trials also emerged in a second test (M ϭ 54% vs. 44%), although that performance had declined compared to its first test. All in all, findings indicate a bias for higher performance on same trials, as predicted by the hypothesis of relational encoding of the stimulus pairs.
Admittedly, one limitation of our research is that we did not directly test the idea that the baboons encoded the identity of the items composing the sample pairs. Nonetheless, two sets of published data already support this idea. The first concerns transfer trials with new shapes given to monkeys once they learned the same/different or the RMTS task (see Fagot et al., 2001; Fagot & Thompson, 2011, for RMTS task; see Wasserman et al., 1995; Wright & Katz, 2006 , for other examples in same and different tasks in pigeons and monkeys). The results of these tests systematically indicate that performance remained above chance with the new sets, suggesting the application of a general relational strategy. However, their results also reveal a decline in performance from the training set, suggesting some processing of the individual items.
The second even more striking result concerns the effect of cross-mapping trials given to baboons in Fagot and Thompson (2011) , in which one of the two items composing the sample pair was shared with the negative comparison pairs. The level of performance of all five baboons was reliably above chance in these cross-mapped trials (see Fagot & Thompson, 2011, Figure 2 ), but again it was reliably lower than in regular (non-cross-mapped) This document is copyrighted by the American Psychological Association or one of its allied publishers.
8 MAUGARD, MARZOUKI, AND FAGOT trials. All of these findings, along with the current results on the effect of WM manipulations, strongly suggest that the baboons conjointly processed the items and their relations in the RMTS task, although the animals appear to give priority to the relations when these two kinds of information conflict in cross-mapping trials. Definitively, the baboons in the RMTS task use a cognitive strategy that is much more complex than matching on overall perceptual variability.
